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ABSTRACT 

3-Amino-5,6,7.8-teti^ydrc-2-{4-[^^ 

y1Jbuty1}qulna2cHin^3H) r of >e (TZB-30878) "is a novel compound 
with both 5-hydroxytryptaiTiin9 (5-HT) 1A agon ism and 5-HT a 
antagonism effects. We hypothesized that TZB-30a7fl might 
have benefits from these dual effects as a medication for diar- 
rhea-predominant irritable bowel syndrome (d-IBS), and these 
studies were designed to confirm the pharmacological proper- 
ties of TZB-30878 and Its efficacy In an IBS-like animal model. 
The binding assays de^nonstrated that pHJTZB-30878 selec- 
tively binds to human 5-HT 1A and S-HT 3 receptors, with K d 
values of 0.68 ± 0.03 and 6.90 ±1.73 nM, respectively. Sys- 
temic administration of TZB-30878 inhibited 5-HT-induced bra- 
dycardia in a dose-dependent manner in rats. In behavioral 
assays TZB-30878 produced signs of 5-HT syndrome in rats. 
These results suggest that TZB-30878 has dual effects as a 
5-KT 1A receptor agonist and a 5-HT 3 receptor antagonist Fi- 



nally, we evaluated the .effects of TZB-30878 on wrap restraint 
stress-induced defecation in an IBS^Hke modellin rats, TZB- 
30878 (1-10 rrig/kg p.cO) normalized stress-induced defecation 
in a dose-dependent manner, whereas the S-jHT^ agonist tan- 
dospirone (30!ahd lOOrngft-g p.o.);and 1he S-HT 3 antagonist 
aJosetron (1-1 0 mg/kg p.o .) did not show such effects. Further- 
more, thisj efficacy of TZB-30878 was partly antagonized by a 
5-HT 1A antagonist,! [<>*nenhyl-C^-rV7(2^^^^ 
1 -pi pera2inyl)ethy[)-A/-<2-pyrid(ny l)cy ctohexanecarbOKarnlde 
^hydrochloride (WAY-1 00635). These results suggest that 
5-HT, A receptor agonism and 5-HT 3 receptor antagonism con- 
tribute to the efficacy of TZB-30878 { in the IBS-like model. Tbe 
efficacy of TZB-30878 supports the; concept that the [ presence 
of both actions, namely 5-HT 1A receptor agonism and 54-fT 3 
receptor antagonism, could be an Important mechanism fcn the 
treatment of d-IBS. 

! !l . M .a . . !■ ; , ; • 



Irritable bowel syndrome (IBS) is one of the most common 
functional disorders of the gastrointestinal tract, with major 
symptom* such as abdominal discomfort or pain accompa- 
nied by constipation or diarrhea (Talley et aL, 1991; Dross- 
man et al_, 1993) r The J syndrome has been considered to be 
associated with psychological stress, abnormal gut motility, 
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and abdominal viBceral hyperalgesia (Whitehead and Crow- 
ell, 1991; Caxnilleri and Choi, 1997). Indeed, anxiolytics and 
an timotility agents have been used; for the treatment of this 
disorder (Friedman, 1991; Talley et aL, 1991). However, the 
existing medications have not been adequately effective for 
patients with .IBS. > t :[ 

Serofemm ! (5-hydra^ a neurotrans- 

mitter found; in both, the brain and gut nnd is probably 
involved in brain-gut interactions in normal volunteers and 
possibly to a greater degree in patients with IBS (Kim and 



ABBREVIATIONS: IBS, irritable boweJ syndrome; S-hydroxytryptamlne, serotonin;! Id-IBS. dl^thea-piBdomlnant Irritable bowol syndrorne; 

TZB-3087B, 3-^Iix^5A7,6-te1rahyoro-2-(4-[4^ GTtp-^, guanosirie S'-tyHhloJtripbc^hate: taiv 

daspirone, (1 rT f 25^3^,4S>/V^4^4^^)tf mfclln^ heptanedKsarboxIrnlde dihydrogen; akiseironj 2,3,4,5-tetrahy- 

dro-5-metr^2-K&HnethyMtf^ 2^;VHdl^-propytanVL^ J23A-tetraly~ 

ctonaphthalene; WAY-1 00635, [C>*Tietriy!-3WJ-/V^^ trihydrocWoride; 

CHO> Chinese hamster ovary; BRL-43694, granfeetron; HEK. human embryonic KkJney; BJ, Bezold-Jaitech; CNS, central nervous system; 1-fP, 

1H?-pyrimld?nyi)piperazlrie. j ' : .' < 
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Camilleri, 2000; TaUey, 2001). Azapironea, such as buspirone 
and tandospirone, havje been used as a class of anxiolytics 
that are less sedative and more anxio selective than the ben- 
zodiazepines (Robinson, 1991; Sasa, 1997). The mechanism of 
their anxiolytic action is considered to be an agonistic action 
for one of the 5-HT receptor subtypes, the receptors 
(Traber and Glaeer, 1987; Sasa, 1997). In clinical trials, the 
improvement rating with tandospirone was higher than that 
with the placebo in patients with IBS (Kimura et a) .,1992). 
This indicated the possible involvement of the 5-HT^ recep- 
tors in the treatment of IBS. 

Clinical studies demonstrated accelerated transit through 
the small bowel or colon in some patients with diarrhea- 
predominant IBS (d-IBS) (Cann et al-, 1983; Vassalio et al., 

1992) . It has been suggested that gastrointestinal transit 
may mediate the development of symptoms in IBS. Previous 
studies have focused on the role of the serotonin system in 
intestinal motor function, particularly with the 5-HT 5 recep- 
tors. A selective 5-HT 3 receptor antagonist, ondansetron, has 
been shown to delay colonic transit in healthy volunteers 
(Gore et al.. 1990; Talley et al., 1990). Another 5-HT a receptor 
antagonist, granisetron, has been shown to reduce postpran- 
dial rectal motor activity in IBS patients (Prior and Read, 

1993) . In addition, recent studies have demonstrated the 
effectiveness of a 5-HT 3 receptor antagonist, alosetron, in 
women with diarrhea-predominant IBS (Camilleri et al-, 
2000, 2001; Leznbo et jaL, 2001). Thus, 5-HT 8 receptors are 
thought to be related to the pathophysiology of IBS. 

We considered that the development of a unique compound 
to stabilize mental stress and control gastromtc^tinal motil- 
ity could be successful in the treatment of IBS, We have 
focused on receptor agonism and 5-HT a receptor an- 

tagonism as appropriate activity for a medication for patients 
with d-IBS and have synthesized a novel compound, TZB- 
30878, which has the dual pharmacological activities of 
receptor agonism and 5-HT 3 receptor antagonism. 
We believe that having these dual actions could be valuable 
for the treatment of IBS. TZB-30878 is rapidly absorbed after 
oral administration, permeates the blood-brain barrier, and 
is eliminated via hepatic metabolism. 

In the present study, we evaluated the following pharma- 
cological profiles of TZB-30878. 1) The binding affinities for 
human recombinant 5-HT^ and 5-HT 3 receptors were deter- 
mined using PH]TZB^30878; 2) the functional activities in 
vitro were determined in the GTPyS binding assay for 
5-HT 1A receptors and Jin the contraction-response assay of 
the isolated guinea pig ileum for 5-HT 3 receptors; 3) 5-HT^ 
agonistic action in vivjo was evaluated based on the 5-HT 
behavioral syndrome in ratB; and 4) 5-HT 3 antagonistic ac- 
tion in vivo was evaluated based on 5-HT-induced bradycar- 
dia (von Bezold-Jarisch reflex) in anesthetized rats. The 
main aim of this study was to evaluate the effects of TZB- 
30878 on wrap restraint Btress-induced defecation in rats, 
which is believed to be a pathological model for IBS (Williams 
et al., 1988). More specifically, we examined the value of 
having both actions for the treatment of IBS. 

j 

Materials and Methods 

Animals. Male Sprague-Dnwley rats (Charles River Laboratories 
Japan, Inc., Yokohama, Japan), weighing 170 to 230 g, and female 
Hartley guinea pigs (Japan SLC, Inc., Shizuoka, Japan), weighing 



280 to 350 g, were used. Animals were maintained under controlled 
environmental conditions with ronntant temperature (22°C) and a 
12-h light/dark cycle (lighted from 8:00 AM to 8:00 PM) and were 
allowed free access to feed and water. All studies were conducted 
after approval by the Animal Research Committee of ASKA Phar- 
maceutical Co., Ltd., baaed on the criteria described in the Rules for 
the Care and Use of Laboratory Animals. . , | 

DnigB. All drugs were prepared fresh at each use. The drugs wore 
ad^ministered at|a dose volume of 2 ml/kg GLp., a.c.j or intraduodeDal). or 
5 ml/kg (p.o.). TSB^j0878,i' tandospirone j and alo&etrori!were prepared 
by ASKA Pharmaceutic Co., Ltd (Kawasaki, Japan). FHJTZB-30878, 

thalene (8-OH-pH]DPAT), and GTP^Sl were obtained from Amer- 
shain Biosciences (Buckinghamshire, England). PH3BIUV43694 (gran- 
isetron) was obtained from PerkinElmcr Life and Analytical Sciences 
(Boston, MAX 5-HT creatinine sulfate complex, 2-methyl-5-HT maleate 
salt, 8-OH-DPAT, and WAY-100635 maleate saJt were obtained &om 
3igma-Aldrich (St Louio, MO). EthyL carbamate (urethane) was ob- 
tained from Tokiyo CbemicaL Industry (Tokyo, Japan). I \ 

Radioligand Binding Aaaaya. Human receptor (cloned 

human serotonin receptor subtype 1A produced in CHO cells; 
PerkinEUner Life and Analytical Sciences) was thawed on ice and 
diluted with buffer I A (50; mM Tris-HCl, 10 mM MgS0 4l 0.5 imM 
EDTA, and 0.1% (w/v) ascorbic acid, pit 7.4] to prepare a human 
5-HT^ receptor membrane preparation! The following procedures 
were performed in the three experiments. Twenty inicrulitera of 
buffer A, 20 fil of FHJTZB-30878 solutions (final concentrationa: 
0.01-10 nM). and 500 fd of the human 5-HT^ receptor membrane, 
preparation (including 1 U) were placed in tubes iand mixed to 
prepare reaction mixtuxeo in triplicate (nonspecific binding was de- 
termined in the presence of 10 *rM TZB|-30B78). The reaction mix- 
turea were incubated at 27*0. for 1 h. The incubation was terminated 
by filtering the reaction mixtures through GF/C filters T Boaked in 
0.3% polyethylerujnine and 50 mM TruvHCl (pH 7.4) using aBrandel 
cell harvester (Bran del Inc., Gaithersburg, MD). The filters were 
washed twice with 5 ml of cold buffer C (50 mM Trifl-HCl, pH 7.4). 
Radioactivity retained on" the niters was 'counted with a liquid scin- 
tillation counter (LSC-5100; Aloka Coi, 1 Ltd.,' Tokyo, Japan). The 
assay procedure for the competitive analysis! was easentially the 
some as described above. Assays were carried out after saturation 
bLuding of 8-OH-PH1DPAT (final concentrations: O.OI-7IO nM) to 
obtain the bmding affinity 0^ value)! of B-OH-pH]bPAT. Twenty 
microhters of buffer A or the teat drugc (final concentrations: 0.03- 
1000 nM), 20 nl of B-OH-PH3DPAT solution (the final concentration 
was close to the value), and 500 ul of the human OVHT^ receptor 
membrane J preparation (including 1 U) I were placed hY tubes and 
mured to prepare reaction mixtures in triplicate. Nonspecific binding 
was determined in the presence of 10 jiM cVQII-DPAT. ir i 

Human 5-ETT a receptor Chuman EHT S serotonin receptor, a mem- 
brane preparation of.HEK298 cella expressing human 5-HT 3 recep- 
tor genes; PerkiuEliner Life and Analytical Sciences) was thawed on 
ice and diluted with buffer B (50 mM Tris-HCV 5 mM MgCL^ and 1 
mM EDTA, pH 7.5) to prepare the human receptor membrane 

preparation. The following procedures were performed in the three 
ejrperimcnta. Twenty microliters of buffer B, 20 nl of pHlTZB-30878 
solutions (final concentrations: 0.03-20 nM), and 500 ul of the hu- 
man 5-HT3 receptor membrane preparation (including' 1 U) were 
placed in tubes and mixed to prepare reaction nibcturcs in triplicate 
(nonspecific binding was determined in the presence of 10 uM TZB- 
3087S). The reaction mixtures were incubated at 26"*C for 1 h. The 
incubation was terminated by filtering the reaction mixtures 
through GF/B filters soaked in 0.5% polyethylenimine and 50 mM 
Tris-HCl (pH 714), using a Brand el cell harvester. The filters were 
washed twice with 5 ml of cold buffer C (50 mM Tris-HCl. pH 7.4). 
Badioacnvity retained on the filters was counted with a liquid son* 
dilation counter. The assay procedure for the competitive analysis 
was essentially the same as that described above. Assays were car- 
ried out after saturation binding of PHJBRL-43694 (final concentre- 
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r*MJTZB-30a7B (M) 

Fig. 1. Saturation binding {curve of PH1TZB-30878 to human ft-HT^ 
receptors expressed in CHO ceus CA). arid 5-HT 3 receptors expressed in 
UEK293 ™»N fl (B). receptor mambrttnc preparation was incubated 
with increasing concentrations of PH3TZB-3087B (0. 01-10 nM or 
20 nM &-HT5). Nonspecific binding was detected in the presence of 10 pM 
TZB-30873. The figure shows one of three analyses. 

tiono: 0.01-10 nM) to obtain the value of Twenty 
microliters of buffer B or the test drugs (final concentrations: 0.03- 
100O nM). 20 pi of PH3BRL-43694 solution (the final concentration 
was close to the value)' and 500 nl of the human 5-HT 3 receptor 
membrane preparation (including 1 U) were placed in tubes and 
mixed to prepare reaction mixtures in triplicate. Nonspecific binding 
was determined in the presence of 10 uM granisetrun. In addition, 
TZB-30878 was tested in | more than 20 other receptor and trans- 
porter assays (Cernp, Celle FEvefic&ut, France). 

Agoniat-Indncjed V^BlQTPyS Binding Assays- Assays 
were carried out using the method described previously (Stanton and 
Beer, 1997) with partial modification. Human S-HTja receptor 
(cloned human serotonin receptor subtype 1A produced in CHO cells; 
PerkinEliner life and Analytical Science) was thawed on ice and 
diluted with incubation buffer (20 mM HEFES, 3 mM MgCl 2 , and 
120 mM NaCl. pH 7.4). nfarnbranes were incubated with GDP (Z0 
mM) and the test drugs for 20 min at 30°C in a volume of 900 >*1 and 
then placed on ice for 15 min. P^SJGTPtQ (100 pM) was added to all 



tubes to yield a final volume of 1 ml, and the tubes were further 
incubated for 30 min at 30* C. Incubation was terminated by filtering 
the mixtures through GF/B filters using a Brandel cell harvester. 
The filters were washed twice 'with 5 ml of cold wash buffer (20 mM 
HEPES and 3 mM MgCy pH7.4 at 4*C). Radioactivity retained on 
the filters was counted by| a liquid scintillation counter. Nonspecific 
binding was determined in the presence of 10 uM GTP7S. 

Inhibition of 5-HT 3 | Recap tor-Medin ted Contraction In 
Guinea* Pig Ileum. Hartley guinea pige were sacrificed, and their 
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Fig. 2. Substitution curve of 8-OH-PHJDPAT by TZB-30a78 and tan- 
doopirone to' human b^HT^ receptors expressed in CHO cells (A) or 
pH)BIU>136ft<t by 1ZB-3087B and alosatrou to S:HT 3 j receptors ex- 
pressed in HEK293 (B)^ Each receptor memhrane .preparation was incu- 
bated with various concentrations of the drugs. Nonspecific binding' was 
detected in the presence of iO jaM fcVOH-DPAT or granisetron 

(5-HTp)- Tbe figure shows one of three analyses. ' \ '] 

• i ■ ' i • ■ 1 . ■ ' ■ - 

ileums were isolated. Longitudinal muscle strips including the my- 
enteric plexus were prepared from a 1-cm-long segment of the ileum 
(Butler et al v 1990)- The ileum preparations were suspended in mi 
organ bath containing Tyrodc'a solution [137 mM NaCl, 3 mM KCl, 
2 mM CaCl*, 1 mM MgCl^/12 mM NaHC0 3 , 0.4 mM NaH^PO^ and 
6 mM D-<^)^glucoseJ r ' warmed to 37°C and aerated with a mixture of 
5% C0 a and 95% Isotonic contractions under a loading tension of 
1 g were recorded using ; an isotonic force transducer (TD-112S; 
Nihon Kobden, Tokyo, Japan), Experiments were started after stable 
contractions induced fry 10, jaM 2-roethyl-5-HT were obtained at least 
three timesi The vehicle (dimethyl sulfoxide) or, the test drugs were 
added to the organ bath, and the preparations were exposed to the 
vehicle or test drugs for 20 Tnin Then 2-methyl-5-HT (10 >JVf) was 
added to the organ bath, and the contractions Were recorded. 

Iteeep to ^Mediated Bermyior and Hypothermia in 
Rata. Rats were acclimated to the test environment for 2 , we&ks 
before testing and conditioned to the test procedures during this 
period. On the day of the experiment, rats were acclimated to the test 
cage for 1 b- TZR30678 or vehicle (saline containing diluted hydro- 
chloric acid) was injected i- p., and then ; receptor-mediated 
behavior (flat body posture and lower lip retraction) was measured in 
the test cage. Behavioral responses ware measured at 5, 10, 20,' and 
30 min after administration using a 0 to 3 scale as described previ- 
ously in the uterature (Foreman et aJL,; 1993). The maximum score 
obtained from each animal during the observation period was desig- 
nated as the individual score. The rectal temperature was recorded 
before and at 30 min alter administration of the te fit drugs using a 
thermistoprube (MGAIH-219; Nihon Kohden) that was inserted into 
the rectum, 1 3 cm from the anal orifice; The difference between the 
temperatures measured before and after administration was desig- 
nated as the index of hypothermia. 

&VHT-Induced Bradycardia (von Bezold^Jaxisch Reflex) In 
Rata. The surgical procedures and mean heart rate recordings were 
performed as folIowg/Aniinals were anesthetized with urathane at a 
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TABUS 1 

IC r<0 values of TZB-30378 to various receptors and transporters 
All experiment were demonstrated in Cerep except for S-HT^ and 5-HT a {La ASKA; pWmQWUUcal Col. Ltd.). 



Receptor or Transporter 



Subtype 



Membrane Source 



Adenosine 
Adrenaline 

Dopamine 

CABA 
Histamine 

Muscarinic 

Neuxolrinme 

Neuropeptide 

Opioid 

Serotonin 



Norepinephrine traneportor 
Dopamine transporter j 



Ax 

Ao 
"i 

| 

Nonselective 

a, 

M, 

M, 

Ma 

NK, 

NK, 

r 

5-HT ia 

5-HT^ 
5-HT* 

mit t 



Human recombinant 
HumAn tFcorabinant 
Human recombinant 
Rat cerebral cortex 
Rat cerebral cortex 
Human recombinant 
Human recombinant 
Human recombinant 
Rat cerebral cortex 
Human recombinant 
Human recombinant 
Human recombinant 
Human recombinant 
Human recombinant 
Human recombinant 
Human recombinant 
SK-N-MC cells 
KAN-TS cells 
Hmnap recombinant 
Guinea-pig cerebellum 
Human recombinant 
Human recombinant 
Rat cerebral cortex 

Human recombinant 
Human recombinant 
Unman recombinant 
Human recombinant 
Human recombinant 
Human recombinant 



PHpPCPXr 

: [ S H}CGS216B0 
; [" fi ±jA&*KtECA 

rHlPraaosin 

C*H]RXB21002 

PH]SCH23390 
i [ 3 H]Spiperone 
: pHJGABA' 

! [ iac I]APT 
pHlPLrenzepine 
PB0AF-DX384 

' [ ,;za lKKA t , i 

[ 3 rI)5Rl42fl01 

[" K IJPeptide YV 
' [^IJPepadeYy 

[ :r HpADLE I) 
i [=H]U69593 , 
! pHJDAMGO I 
! e^OH-pH]DPAT 
i [^Cytochrome P-450 
; ] | /iM propranolol 

[*H3BRL-43694 
j pHJLSD 

PHJLSD 
1 FH1LSD 
■ [^HjNiaosetane 

[*HJBTCP i 



; 1 1 : 



-30 



ifl. 



1 1* ■ 
tit 



><l x 10-* 
>i x itr fi : 
>i x 10" 6 ; 
->t x i0" e i 
>l x io-° 

^lxio-*; 
>rX x 10" 6 
>1 X HT° ; 
rixio-* ■ 

x 10' 6 
>1X10" C 
>1 x 10 _G 
>1 x 10-* 

>;1 X 10"* ! 

;>1 x 10"° ! 
><1 x 10~ e j 
>1 x 10~ 6 
>:! x l0 -a I 
*1 X 10"* : 
>1 x 10~ fl 
i'368 X IQt* ' 
>1 x 10-* 

8.929, X 10-° 
^1 X i0" s 
^1 X 10" 8 
-1 x 10~ fl 
^1 X 10" 9 
>1 x 10" B 



DPCPK. 8^y<j0ptei^Kl^diprDp yrrnnl.hin e; CGS216SO, 24>-C^rtwyetayl)pbeDe^ AB-MECA. 4-aiIUDobenryl-5'-J/-mctb. 

ykartwxamioDadenasina: KXB2L00Z, {M1*nit*haxy. l T 4-b«i2ij<iiaxnii^yi)^iiiiid«zoline; COF12177, 4434(l.l^limetMed!kyl)ain^^ 

SCH23390, /M+)-7-chleft>^hydra£y^n>e£n^^ APT, runinopo tectidinei AFDX3&4. V5 r 1 l-dihydro-ll^ [(2- 

[dlpropylamino)inctby U-l^peridinyDetayl) amln q )carbonyi)-6H-pyrido l2,3-^l(l T d)bm7x^irti»pioc^6.<m e; 4-DAMP, *<lyhnnylaceto^^Hnethy^ipera dmc mcthiodide; 
NKA. neurokinin A; 5H142S01', SMrV><H^ll-l»n^^3,4Hnchl^ DADLR Id -Ala 3 ^ -Uro*}- 

enkephalin: U69533. <+M5« J* J&p WmDmyl^74X-pyrrolidttylVlKaa8pb^4.53dB^ DAMGO, fn -AU s ^-M^Prie* l Qly B ^>ea]tephaUii: LSD 

lywcrpc acid diethylamide: BTGP. N+l&btTLixfbjthioQlicnyi) cyniahnyl pipcri^ine, 



doac of 1.26 g/kg Lp., and j then polyethylene cannulas were inserted 
into ton right common carotid artery and vein to measure the blood 
pressure and to administer 5-HT, respectively. The duodenum was 
incised, decorticated 2 to 3 cm from the stomach and cannulated for 
intraduodenal administration of the teat drugs. Blood pressure was 
monitored using a pressure amplifier (AP-601G; Ninon Kbhden), and 
the mean heart rate was recorded by a tachometer (AT-601G; Ninon 
Knhden) triggered by blrxxl pressure pulsation, 5-HT was injected i.v. 
at 300 ng/hg to evoke a transient bradycardia [von Bezold-Jariach 
(BJ) reJuaxj. After recovery to normal blood, pressure and heart rate, 
the test drug? and vehicle {0.5% Twccn 80) were adrniniatcred into 
the duodenum. Thirty minutes later, 5-HT waa rftadminiatered i_v. r 
and the hradycardia waa assessed. 

Wrap Restraint Strv^t^InduwU Defecation in Hats. The 
method described by Williams et aL (1988) waa used with alight 
modifications. Rata were acclimated to observation metal mesh cages 
placed on a tray from thejday before the experiment. After acclima- 
tion, the rats were lightly anesthetized with ether, and their fore- 
shoulder, upper forelimbs, and thoracic trunks were wrapped with 
adhesive tape (2J> X 50 cm). Immediately after wrapping, the rats 
were returned to the observation cages. The number of feces was 
counted at 1 h after the {wrapping. Test drugs and vehicle (0.6% 
Tween 80) were adniinisliered p,o, 1 h before the restraint. In the 
antagonism assays, TZB-30878 or vehicle (saline containing diluted 
hydrochloric acid) was injected i.p, 20 min after s.c treatment with 
the vehicle (saline) or a selective receptor antagonist, WAY- 

100635. Five minutes later, the ""impla were wrapped far 1 h, and 
the number of feces was counted. 



n: 



Data Analysis and Statistical Evaluation, GraphPad Priam 
(version 4-00; QraphPad Software Iac. p <San Diego, CA) was used for 
data analyses ^ in all assays. Specific bmding of Che radiolabeled 
ligand was calculated and a saturation binding curve was generated 
by piotting F (= X p unbound radiolabeled ^ ligani) and £ (- Y ¥ bound 
radiolabeled ligand) on the horizontal and vertical axes, respectively, 
to calculate values using nonlinear regreasioiL | The equation 
(one-site binding) was as follows: Y ~ xlX/iK^ + JO. 

A suhatjtutaon curve was genera tod by plotting [the test drug 
concentrations land binding inhibition ! rates on the horizontal and 
vertical axes, respect ively r to!>calCTi^ the concentration; that corre- 
sponded to |a 50% binding; irdiibirion rate (IC^ The bwding innibi* 
tion constant (K M value) of the test dru^s was calculated according to 
the foHowmg equatipn: => 10^/(1 *f UJKJ ) r were /J is the concen- 
tration of radiolabeled l%and added. ■ ' : 

Specific bin4ing of [^SIGTPtS was Calculated; the rasulta were 
then presented as percent, increases in bmding trom the basal. value, 
and dose-response curves were plotted and analyzed. The niaximal 
stimulation (E ^J achieved for each drug was expressed as percent 
the maximal response of iM+^S-OH^DPAT,. . i 

Statistical analysis was performed using S AS (Preclinical 
Package varBmn5_0;;SAS Institute, Tokyo, Japan). The dose re- 
sponse fon the j relative 1 potency of the drugs was analyzed by 
analysis of vari»nca followed by a nooparomctric 'or parametric 
Dunne tt multiple comparison test with the; limit of significance 
level at P < 0.05. Results between the two groups were compared 
with the Wilcoion test. : 1 '[ ! : » ,! 
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Results 

In Vitro Properties 

Radioligand Binding Assays. The binding; assays of 
[ 3 H]TZB-30878 to human 5-HT 1A and 5-HT 3 receptors were 
performed three times each. A stable saturation curve (Fig. 
1) was obtained from, the assays, which indicates that TZB- 
30878 is a compound that possesses bunding affinity to hu- 
man 5-HT lA and 6-HTL receptors. The K d values of TZB- 
30878 toward 5-HT^ land 5-HT 3 receptors were 6.771 X 
l<r xo ± 0.3292 X 10~ 10 : and 8.903 X 10"® ± 1.728 X 10~ 9 M, 
respectively. 

Next, saturation binding analyses were conducted three 
times for each of the ligands, pHJS-OH-DPAT. and FH]BRL- 
43694. By using and 5-HT 3 receptors, the K { values 

for TZB-30878 were compared- with those for the 
receptor agonist, tandospirone, and the 5-HT 3 receptor an- 
tagonist, aloBetron, TZB-30878 inhibited the binding of 
8-OH-DPAT and BRL43694 to these receptors in a concen- 
tration-dependent manner (Fig- 2)- These results and the 
previously described results for the binding affinity indicated 
that TZB-30878 binds specifically to both human and 
5-HT 3 receptors. Tandospirane and alosetron also inhibited 
binding of each radioligand to the receptors in a concentra- 
tion-dependent manner-. At the receptor binding level, the 
for TZB-30878 was approximately 10 times greater than that 
for tandospirone and approximately Vio of that for alosetron. 

The receptor selectivity of TZB-30878 for the 5-HT^ and 
5-HT 3 receptors was 300 times or more higher than that for 
the other receptors or transporters (adenosines A lT A^ and 
A 3 ; adrenalines a lr and fi x ; dopamines D x and D 2 ; GABA; 
histamines Hj and jmuscarinics M x , Mg, and M 3 ; neuro- 
khnns NK^ and NK,; neuropeptides Y x and Y a ; opioids k, 
and u-i serotonins 5-HT s , 5-rXT GF 

and 5-HT 7 ; norepinephrine transporter and dopamine trans- 
porter) (Table 1). 

Agonist-Injdnced [^SlGTPyS Binding As- 
says. The functional activity of TZB*30878 on the 5-HT^ 
receptor was compared with that of other receptor 
agonists and antagonist (Fig. 3; Table 2). A recep- 
tor agonist, jR-C+MjOH-DPAT, increased binding of 
[ 3fi SlGTPyS to the receptor in a concentration- dependent 
manner. Generally, i?r(+ )-8-OH-DPAT is known to be a 
full agonist, and we nave preHminarily confirmed that 
iM+)-8-OH-DPAT and 5-HT exhibited comparable E m „ 
values. S-(— )-8-OH-DPAT and tandospirone also increased 
blading of [^SJGTPtS in a concentration-dependent man- 
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Dual Effects of TZB-30878 on IBS Model 131 9 

TABLE 2 !j , ! j-1 j.\ ij j' 

Ligand properties of p ( s S]GTT-^ binding in human receptiorB I 

Tteauto nxn sxpresa ed aa a percentage of the maximal response of + WJ-OH-DPAT. 



! Drat 



EL. 



^(-f-)^OH-DPAT 

5-(-)p&-0H-DP^T 

TondoDpirone 

TZB-30878 

WAY-100635 



1* ij 
loo 

81.3 
66.7 
99.2 J. 
1.2 



ner. Rvalues -were 81.3% for; S-(-)-B-OH-DPAT and 

66.7% for itandospirone compared with ^hat for»jR-(+)-8- 
OH-DPAT 1 . This result' indicated ! that S~(-)-8-OH-DPAT 
and tandospirpne were partial agonists. The 5-HT^ recep- 
tor antagonist, WAY-100635, did not affect the binding of 
[ 3S S]GTPtSJ ! j TZB-30878 increased the Wdin^ ; of 
[ 3e SJGTP7jS inja conceii^ation-dependent man&eri and the 
value Iwas [comparable with that of 2t-(+)-8-OH- 
DPAT. i ; !; <' ; ■!;. I ;, j 

Inhibition of 5-HT 3 liecep tor-Mediated Contractions 
in Guinea Pig Ileuin. The mnctional acti vity of TZB-30878 
on the 5-HT a receptor was compared with that j of alosetron 
(Fig. 4). TZB-30878 alone did not affect longitudinal muscle 
stripe with the myenteric plexus (data not shown). TZI^ 
30878 suppressed the contractions | caused : by the 5-HTJ re- 
ceptor agonist, 2-methyl-5-HT, in ajepneentratipn-dependent 
manner and nearly fully suppressed the ! contractions at 1 
^jlM. This indicated; that TZB-30878 possesses functional ac- 
tivity as at 5-HT a receptor antagonist. In addition;; the 5p% 
suppression concentration (ICeq) of! TZBiS0878 was 0.014 
^lM. Alosetron showed similar contractipn-suppresaive ef- 
fects with an ICqo |of 0.017 fiM. • . jj i i 

! k ;r iii ; i r -; ! 

In Vrvo Properties \ \\ ■ | 

5-HT^ Receptor-Mediated Behavior and Hypother- 
mia in Rats. TZB^087S and tandos Dirone, induced increases 
in flat body posture and lower Hp! retraction scores in rat© 
(Figs. 5, A and B).|TZB r 30878 produced a dose-elated effect 
on flat body posture and; lower Up retraction scores. TZB- 
30878 and tandospirorie induced statistically significant be- 
havioral changes at 10 tag/kg or at 3 ing/kg br higher, respec 7 
tively- In addition, TZB-30878 and tandospirooe also 
decreased rectal; temperature (FigJ 5C), which attained sta- 
tistical significance at 3 mg/kg or higher. It was clarified that 
TZB-30878 stimulates the 5-HT^ receptor in vivo! ; ! 
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Fii. 3. The effect* of acveral liganda on f^lGTP-rfl 

binding to human receptors; ezpreseed in CHO 

ceUa. 'Spccifid I^IGTPtS binding ( waa measured in the 
presence of vtuioua concentrationB i of the test; drug. Non- 
apeafio binding was detected in th e.prBsence of 10 /j-M 
GTPfQ. Results are expressed OS o percentage of the max- 
imal response of *-<+)^OH-DPAT. i i 
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Fig. 4. The effects of TZB-3087B and alosetron. on 2-methyl-5-HT-evoked 
conirtictiona in guinea pig ileum longitudinal muscle b trips induding the 
myenteric plexus. Inhibition rates are represented ae a percentage of 10 
uM 2-mcthyl-6-HT evoked contraction, n 5-6/group. Valuea represent 
means S.D.; 50% inhibition concentration was calculated by the dasa- 
rcsponae curve. 

i 

&-HT-Induccd Bradycardia (BJ Reflex) in Rats. In- 
trad uodenal administijation of TZB-30878 (0.01-3 mg/kg) or 
alosetron (0.001-0,3 mg/kg) inhibited bradycardia induced 
by 5-HT (Fig. 6) in a (ioseniependent manner. The 50% in- 
hibitory doses were 0.jl52 and 0.00678 mg/kg, respectively. 
The BJ reflex is known to be mediated by 5-HT 3 receptors. 
The maximum inhibitory action of both drugs reached the 
vehicle lev©], which clearly indicated that TZB-30878 pos- 
sesses 5-HT 3 receptor antagonistic action in vivo. 

Animal Model 

Wrap Restraint Stress-Induced Defecation in Rats* 
Wrap restraint stress caused a significant increase in defe- 
cation (Fig. 7). Stress-induced defecation was reduced by 
prior administration off TZB-30878 in a dose-dependent man- 
ner. The dose of 1 mgfkg exhibited no effects whereas both 
the 3 and 10 mg/kg doses significantly reduced stress-in- 
duced defecation. In j addition, TZB-30878 strongly sup- 
pressed stress-induced [defecation and completely normalized 
the number of defecations. These results indicated the effec- 
tiveness of oral administration of TZB-30878 for stress-in- 
duced defecation. Prior administration of alosetron (3 and 10 
mg/kg) also significantly reduced stress-induced defecation. 
However, alosetron did not normalize the number of defeca- 
tions, and the maximum effect plateaued. On the other hand, 
tandospirone did not suppressed stress-induced defecation at 
doses up to 100 mg/kg. The data on individual defecations 
showed a mixture of both suppressive and increasing trends. 

To clarify the contribution of 5-HT^ receptors to the re- 
duction of streos-induced defecation by TZB-30878, the effect 
of WAY-100635, a 5-HT^ receptor antagonist, was investi- 
gated (Fig. 8). After ip. administration, TZB-30878 sup- 
pressed stress-induced [defecation in a dose-dependent man- 
ner, which became statistically significant at 1 and 3 mg/kg. 
"When WAY-100635 wala administered before administration 
of TZB-30878, the suppressive effect of TZB-30878 was sig- 
nificantly reduced. However, the antagonistic effect of WAY- 
100635 did not completely eliminate the suppressive effect of 
TZB-30878 on stress -induced defecation. 
I 

Discussion 

IBS is associated with psychological stress and alterations 
of gut motor function.' We synthesized a novel compound, 
TZB-30878, which has dual pharmacological activities: it is 
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Fig;. 5. The effects of TZB-30878 and tandoepirone on receptor 
mediated behavior and rectal temperature in rats. Vehicle. or drugs ware 
injected i.p. and behavioral responses [flat body posture (FBP) and lower 
Up retraction (LLH)J yrerc measured sequentially, using fa 0 to 3 scale. 
Maximal scores for FBP (AX and LLR (B) were adopted. Before and after 
admixdfitrataon, rectal temperature waa measured (C). n = 10/group. 
Valuea represent 'means ♦ S.D, »,P < 0.05; P < O.OOi veraua vehicle, 
nonparametric Dunnett multiple comparison test. #„ P <\ 0.05; P < 
0.001 versus vehicle, parametric Dunne tt multiple comparison test 

| 'jj | \ t : |;; I'm* |i; ;i i ; ' 

expected to have! an antistrcss effect via 5-HT^ agoaism and 
an antihyperdefecation effect via : 5-HT 3 ' antagonism: The 
purpose of this study was to determine the effects of TZB- 
30878 in an IBS-like aniTnnl model. The present assays pro- 
vide initial information that shows the importance and the 
usefulness of having both actions for the treatment of IBS. 

The binding assays demonstrated that [ 3 H)T2B^30878 
bound to human 5-HT^ and S-HTg receptors with a high 
affinity in a reversible and saturable manner. In addition, a 
competitive analysis revealed that TZB-30878 selectively in- 
hibited binding of well known ligands to human; and 
5-HT 3 receptors, as we^l as to specific ligands (tandospirone - 
and alosetron)! The binding inhibition constant (Kl value) of 



2008^02/28 19:30 FAX 03 3 5 ^g^f Available Coj$ AJIMA PATENT "' ! WENDEROTH i | . ©035 



I 
£ 

o 

c 
o 

♦3 



100n 



75- 



50- 




123-30878 
Alosetron 



25* 



Fltf. 6. The effects of 1^30878 and alosetron on 5-HT-induced brady- 
cardia in rats. Anesthetized rats Were injected i,v, with 5-HT (300 /x^/kg) 
to evoke a transient bradjfraardia- After recovery, vehicle or test drugs 
were injected uitrnduodanjally. and 5-HT was readministered 30 min 
Inter, n - 6/group. Values represent mean (x&J>.). 
i 

TZB-30878 was 10 times greater than that of tandospirone 
and Vio that of alosetron. Furthermore, the results of the 
competitive analysis of the rat hippocampus and 
entorhinal cortex (S-HT^) showed similar AfHm'Hpc of TZB- 
30878 to huma n and rat receptors (data not shown). In ad- 
dition, as TZB-30878 did not Bhow affinity to any other fcyp- 
ical receptors, its selectivity to and 5-HT 3 receptors 

was confirmed, ! 

The relative efficac^ of 5-HT^ receptor agonists can be 
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j Dual Effects of 720-30878 on IBS Model 1321 

assessed using CHO cell membrane preparations of the hu- 
man 5-HT lA .j receptor with G protein subunits under con- 
trolled conditions. | Under the conditions lot* our iasaay system 
we were able to detect jpartial agonists with an efficacy as low 
as approximately 80% of that of a full 5 HT^ receptor ago- 
nist, /W+)-8-OH-DPAT (as in the case of tandospirone), and 
did not detect the effects of a receptor antagonist, 

WAY-100635. As shown in the present study, TZB-30878 
increased [ 35 S]GTPtS binding to 99.2% of the magnitude of 
iM+)-9-OH-DPAT 7 indicating that TZB-30878 jis a fulTago- 
nist to 5-HTix receptors. It was suggested that TZB-^30878 
exhibit^j functional activity toward the G protein-coupled 
S-HT^ receptor. In another in vitro experiment, TZB-30878 
inhibited 2-methyl-5'HT-evoked, 5 r HT3-mediated contrac- 
tions in a|dose-dependeht manner hut diji not inhibit ace^yl- 
choline-evoked I contractions (unpubhshed observations). 
These data suggest that TZB-30878 possesses dual func- 
tional activity mediated by 5-HT^ and 5-HT 3 receptors. 

Systemic administration of receptor agonists pro- 

duces a behavioral syndrome including flat body posture and 
lower hp retraction (Lucid, 1992),: This "5^HT syndrome" 
seems to be mediated through stimulation of the 
receptors in the central nervous system (CNS); In addition, 
5-HT^ receptor stimulation induces a hypothermic response 
(CConnell et.aL, 1992). Therefore; an in vivo pharmacologi- 
cal study was; conducted to explore the effects of TZB-30878 



on both the 5-HT syndrome and hy^therrnia. The sdiniiiis- 



Flff. 7. The effects 0 f TZB-30878, tan- 
dospirone, end alosetron on streao-in- 
duced defecation in rata. The upper bodies 
of lightly anesthetized rats were wrapped 
with adhesive tape, and the animals were 
returned to the observation ; cogra. T\>p 
number of feces dropped on the tray was 
counted 1 h after the wrapping. Vehicle or 
test drugs were administered p.o. 1 h be- 
fore the restraint! n — Values 
represent means ^ 5JD, < 0.001 

versus normal (N), ^ilcoXon test. ••,! p < 
0.01; P < 0.001 vermin vehido (V), 
nonparametric Ihinaett multiple compar- 
ison test Normal : group represents' ani- 
mals without wrapping. ii 



Fitf* a. The influence of S-HT^ antagonist WAY- 
100635 on the inhibitory effect of TZB-30878 in 
b tre as-indu ced defecation. Vehicle or TZB*30673 
was injected i.p. 20 min after a.c, injection with 
saline (containing- diluted hydrochloric add) or 
WAY-100635- Five annulare later, lighdy anes- 
thejfccd rata were '(wrapped for^l <h, and the 
number of feces Vfas counted, n M a/group, lval- 
ues represent means r S-D- P < 0.O01 
vcrsuB normal (K). Wilcoxon teflt. **, P < 0.O1; 
•»•> & < 0-001 versus vehicle (V), non parametric 
Dunnett multiple comparison test. P < 0.05; 
HtHt> P < 0.001 between indicated two groups; 
Wilcoxon test. NS, means nonsignificant. Nor* 
mal group represents animals without wrap* 
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tratioo of TZB-30876 induced a 5-HT syndrome and hypo 1 
thermia, as with tandospirone. These results suggest that 
TZB-30878 stimulates 5-lrTT^ receptors in vivo, especially in 
the CNS. j 

The transient bradycardia induced by i.v. administration 
of 5-HT (von Bezold-Jarisch reflex) is the consequence of a 
reflex response of the valgus nerve after activation of sensory 
afferent fibers located mainly in the right ventricle (Paintal, 
1973). The bradycardia! induced by 5-HT was successfully 
inhibited by 5-HTg receptor antagonists (Fozard and Host, 
1982). As a result, this inhibition is regarded as a useful 
index to assess in vivo | 5-HT 3 receptor blocking activity. In 
the present experiments, TZB-30878 and alosetron inhibited 
the BJ reflex in a dosejdependent manner, which suggests 
that TZB-30878 is a 5-HT 3 antagonist that acts in vivo. 

Williams et al. (1968)' reported that wrap restraint stress 
caused intestinal signs I in rats similar to IBS in humans 
without the formation of ulcers. The efficacy of anxiolytic 
agents, such as diazepam, and antimotility agents, such as 
trimebutine, for IBS has been evaluated in this model 
CYamamoto et al., 1998). Thus, the wrap restraint-induced 
stress model is useful for assessing the effects of therapeutic 
agents for IBS. It has j been reported that immobilization 
stress results in an inczjease in plasma 5-HT concentrations 
in rats, which indicates the possibility that 5-HT acts as a 
mediator of gut dysfunction caused by stress (Sharma and 
Dey. 1981). Most of the endogenous 5-HT is considered to be 
contained within the jgastromtestinal tract, particularly 
within the enterochromaffin cells of the gut mucosa, and 
&-HT-contfri ning neurons have been identified in the enteric 
nervous system of several species (Costa et al., 1982). Endog- 
enous 5-HT may mediate restraint stress-induced accelera- 
tion in bowel function through the 5-HT 3 receptor (Mtyata et 
al., 1992). In the present study, TZB-30878 reduced restraint 
stress-induced defecation as did alosetron. It is thought that 
TZB-30878 reduced the jdefecation at least partially through 
5-HT;, antagonism at the doses used in this assay. It is 
interesting that, although alosetron only partially inhibited 
restraint stress-induced defecation, TZB-30876 completely 
normalized this sign. Moreover, the effect of TZB-30878 was 
partly inhibited by a 5-HT^ antagonist, WAY-10063S. These 
results indicate that stimulation of the 5-HT^ receptors by 
TZB-30878 reduces restraint stress-induced defecation. 
Taken together, these findings indicate that the suppression 
of restraint stress-induced defecation by TZB-30878 was the 
result of the contribution of both agonism and 5-HT a 

antagonism. j 

Miyata et al, (1992) reported that diazepam reduced re- 
straint stress-induced defecation and suggested a potential 
anxiolytic action in this model. 5-HT^ receptor agonists 
have been reported to show an anxiolytic effect similar to 
that of benzodiazepines (Traber and Glaser, 1987; Gordon 
and Hen, 2004). Because TZB-30878 produced the 5-HT syn- 
drome and permeated the blood-brain barrier, an anxiolytic 
effect via the CNS may contribute in part to the action of 
TZB-30878 in this IBS-like model. Furthermore, it has been 
reported that 5-HT 3 receptor antagonists also have an anxi- 
olytic effect in animal models (Fitip, 1992; Roychoudhury and 
Knlkarni, 1997). If TZB-30878 peeeeesea an anxiolytic effect, 
we should consider it in relation to the effects of 5-HT 3 
receptors on the CNS. 

On the other hand, because 5-HT^ receptors are localized 



in the enteric nerves (Gailigan et aL, 1988; Galligan^ 1992), 
the 5-HT-l^ receptors in the myenteric plexus are likely to 
contribute to the reduction of the restraint stress-induced 
defecation. It has been reported that 5-HT^ receptor stim- 
ulation of the enteric neurons inhibits excitatory postsynap- 
tic potentials and \ acetylcholine release ihthej myenteric 
plexus and smooth muscle contraction (Dietrich and Kilbirx- 
ger, 1996).:if 5-HT^ receptors negatively ; modulate 5-HT 
neuronal activity in i the myenteric plexus, the effects of en- 
dogenous 5}HTj through 1 5-HT 3 receptor stimulation may |be j 
reduced by TZB-30878. Further Btudies are needed to assess 
effects on the peripheral 5-HT^ receptors J ■ . ' 

In contrast with , TZB-30878, oral adnunietration of tan- 
dospirone did not decrease restraint stress-induced defeca- ' 
don, although it induced the 5-HT syndrome via intraperito- 
neal administration. We have already confirmed that 
intraperitoneal adxoinistration of tandospirone partially and ; 
significantly reduced restraint stressj-induced defecation ,by 
approximately 40% (unpublished observations). The incon- 
sistency with the results for tandospirone may be due to its 
major metabolite, 1^-pyiimidinyD piperazine (l-PP). After 
oral adniinistration|t^dospiroM is . rapidly metabolized to 
l-PP, and l-PP had low "affinity to the 5-HT^' receptors but ' 
h«g high affinity to the cfa-adjrenoceptors (Miller et al;, 195>2), j 
Because TZB-30878 does not possess the l-PP structure, the 
effects of TZB-30878 are unrelated to l-PP- It has been re- 
ported that l-PP and other a 2 -adrenoceptof antagonists in- 
creased fecal excretion in rats (Croci and Bianchetti, 1992). 
Such effects of l-PP in increasing fecal excretion may coun- 
teract the effects of 5-HT^ receptor agonists in reducing! 
restraint-stress induced defecations Therefore, we! have to 
consider the oral bioavailability when evaluating the action 
of tandospirone. [ » r , -\\ j |i | 

The most important finding in thi3 study was that the 
inhibitory effects! of TZB-30878 on jrestxaijit stress-induced, 
defecation may be mediated not only by 5-HT a receptor an- 
tagonism but also by fr-HT^ receptor agonism i For 5-HT a 
receptor antagonism, the activity of TZB-30878 was weak 
compared with that of alosetron both in vitro and in vivo, 
despite the fact that T^B-30878 hail more powerful efficacy 
than alosetron in the IBS-like modeL From another point of 
view, the 5-HT 8 receptor works concomitantly with 
receptor agonism in this model. A new concept suggested by 
our results is that the dual actions, agonism and 

5-HT 3 antagonism, can be expected to have a benefit for the 
treatment of IBS; and TZB-30878 is the first! compound to fit 
this concept- Currently," other B-HT 3 receptor; jantagonists 
(i.e,, cilansetron and ramoBetron) for the treatment of d-IBS 
are under development. TZB-30878 could achieve an efficacy 
level higher than that for the existing 5-HT 3 receptor antag- 
onists and is expected to be a next-generation therapeutic 
agent for d-IBS. !.'..« . 
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